On the basis of the gnomonic projection, a new concept, the linear coordinate net (LCN) of crystals, is presented. With such nets, the Miller indices of Laue spots and the orientation of the crystal can be read directly without any calculation or graphical operation. These nets can be constructed with an IBM personal computer. In this paper, the principle and formulas, the computer program for constructing the nets and the applications of the LCNs are described. The main applications are when the incident X-rays are in a low-indices direction or are perpendicular to a plane with low Miller indices.
Introduction
Up to now, various kinds of angular coordinate nets such as the Wulff net, Greninger chart and Leonhard chart have been widely used in the crystallographic analysis of crystals (Cullity, 1978) . However, the determination of the Miller indices of crystal planes by angular coordinate nets is indirect and tedious. This paper presents a new kind of net, the linear coordinate net (LCN), which shows directly the Miller indices of the crystal planes or Lane spots.
Principle
Based on the definition of the gnomonic projection and the property of the reciprocal lattice, it is known that the Miller indices of a crystal plane can be obtained directly from the coordinates of the gnomonic projection of that plane in the reciprocal-coordinate system or, simply, the reciprocal coordinates of the gnomonic projection point. The latter can be determined from the intercepts with the reciprocal-coordinate axes of three planes passing through the gnomonic projection point and parallel to three coordinate planes, respectively. This is shown in Fig. 1 , where plane ABC is the gnomonic projection plane and P is the gnomonic projection point of some plane. Obviously, the reciprocal coordinates of the gnomonic projection point P are OPx, OPy and OPz, respectively. If a series of equispaced planes parallel to three coordinate planes are drawn in advance, then the intersections of these planes with the projection plane form a linear net which consists of three sets of parallel © 1996 International Union of Crystallography Printed in Great Britainall fights reserved straight lines, the coordinate lines, and is called the gnomonic linear coordinate net (GLCN). With this net, the reciprocal coordinates of any gnomonic projection point can be read directly and after reduction and rounding of these coordinates the Miller indices are obtained. Fig. 2 is a (111) GLCN for cubic crystals, i.e. a GLCN with (111) as the projection plane. It is shown from the figure that the reciprocal coordinates of the three -.... gnomonic projection points P, Q and R are (4, 2, 14), (6, 6, 8) and (4, 14, 2), respectively, so the corresponding Miller indices are (217), (334) and (271). Based on the geometrical relations between the gnomonic and the stereographic projection points or the back-reflection and transmission Laue spots, the stereographic linear coordinate net, SLCN, or the backreflection and transmission Laue linear coordinate net, BLLCN and TLLCN, can easily be constructed.
Basic formulas
Given the lattice constants a, b, c, 0~, fl, ~, the projection plane (hkl) and the distance, D, from the crystal to the projection plane, construct the (hkl) GLCN.
Solution: To construct the GLCN, one needs to know the angles the three sets of parallel lines make with each other and the interlinear spacings. All these can be derived through the following steps.
Derive the reciprocal lattice
As shown in Fig. 1 , suppose that the reciprocalcoordinate system is OX*Y*Z* with a*, b*, e* as the reciprocal base vectors along x*, y*, z* axes, which can be derived from the expressions a* = b x c/V, b* = c x a/V, e* = a x b/V, (1) where V is the volume of the unit cell. where do is the interplanar distance of (hkl) planes, which can be determined from the lattice constants. Substituting 
Find the reciprocal indices of the gnomonic projection plane

Determine the orientation of the coordinate lines
Suppose that the intersections of the gnomonic projection plane with the three reciprocal-coordinate planes (001), (100) and (010) are AB, BC, and CA, respectively (see Fig. 1 ). Then all the coordinate lines must be parallel to one of these intersections. Since any projection point on the intersections must have at least one coordinate equal to zero, these intersections are called basis lines. The angles A, B and C between each pair of basis lines uniquely determine the relative orientation of the coordinate lines. These angles can be determined easily from the cosine theorem.
As shown in Fig. 3 , from the angles A, B and C, three coordinate axes Sx, Sy and Sz on the projection plane can be established, which pass through the center, S, of the projection and are perpendicular to AB, BC, CA, respectively.
Notice that the three axes Sx, Sy and Sz are in anticlockwise order. These axes will be more convenient for plotting the coordinate lines.
Determine the unit length along the coordinate axes
Since the reciprocal coordinate z = 0 for points on line AB and z = 1/l* for point C (see Fig. 1 ), the number of coordinate lines from AB to point C should be 1/l*, as shown in Fig. 3 . Similarly, the number of coordinate lines from BC to point A and that from CA to point B should be 1/h* and I/k*, respectively.
Hence, one can easily determine the spacings, Sx, Sy and Sz between two neighbouring coordinate lines: Sz = h*Lc sinB, Sy = k*La sin C, Sz = l*Lb sinA, (6) where La, Lb, Lc are the lengths of BC, CA, and AB, respectively. 
substituting (8) Then, from (8) 
If we choose nx =ny = nz, then from (10) we have hi" ki " li = Xi : Yi " Zi"
This means that in this case the Miller indices of a crystal plane can be directly obtained from the reduced reciprocal coordinates of its gnomonic projection.
The coordinates x, y and z of the center of the projection can be determined from (10) by substituting h, k and l for hi, ki and t~. 
Formulas (1) to (10) are all that we need to construct an arbitrary (hkl) GLCN of any crystals, including triclinic. As mentioned before, the stereographic and Lane linear coordinate nets, SLCN and LLCN, can be constructed from the geometrical relation of the stereographic projection and the Laue spot to the gnomonic projection.
Computer program
The computer program for constructing LCNs is based on (1) to (10) given above and the geometrical relation between the stereographic projection, Laue pattern and the gnomonic projection. It is written in Basic. It can be run on an IBM personal computer. The input data are: (1) the lattice constants; (2) the Miller indices, (hk/), of the center of the projection plane; (3) a code for the kind of LCN to be constructed; (4) the parameter D, which is the diameter of the basic circle for SLCN, or the distance from the crystal to the projection plane for GLCN and LLCN; (5) the division parameters nx, ny, nz in (7) to (12); (6) the maximum indices of the important planes or directions to be labeled. The output is the required (hkl) GLCN, SLCN or LLCN.
Examples
Figs. 4 and 5 are the (001) and (123) back-reflection Laue linear coordinate nets (BLLCNs), respectively. On each figure there is a legend indicating the input items mentioned above. The arrows on the net show the direction of the increasing corresponding coordinate, starting from a coordinate line passing through the center of the projection whose coordinates (Xo, Yo, zo) are given in the net. The coordinate increments are Axo, Ayo and Azo, respectively. Thus, the reciprocal coordinates of any projection point can be read directly. If a computer is not available, one can also construct the LCNs manually.* * A (001) SLCN and a set often BLLCNs for cubic crystals constructed manually have been deposited with the IUCr (Reference: HN0033). Copies may be obtained through The Managing Editor, International Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
Applications
The main application of the LCN is to index the Laue pattem and determine the orientation of a single crystal in the case where the incident direction of the X-rays, though unknown in advance, is sure to be a low-indices direction, or perpendicular to a plane with low Miller indices.
In such a case, the Laue pattern can be indexed by two methods. One is to compare the pattern to be indexed with a number of pre-constructed standard Laue patterns one by one until the most similar is found (Preuss, Krahl-Urban & Butz, 1974; Goehner, 1976) . The other is to superimpose the pattern to be indexed onto each of a number of pre-constructed LLCNs in turn until most of the prominent Laue spots and the intersections of prominent zones on the pattern coincide with the labeled points on the LLCN. The first method has the drawbacks that some spots cannot be indexed because of lack of their counterpart on the standard pattern and that it is impossible to determine the orientation of the crystal. In the second method, however, the indices of all Laue spots in the pattern can be obtained simply from their coordinates shown on the underlying LLCN. To determine the orientation of the crystal usually means that the indices of some direction parallel to the Laue film must be found. These indices can be determined by subtracting the coordinates of the center of the projection from the corresponding coordinates of any point whose position vector is coplanar with the incident direction and the direction to be indexed. Then the indices of the direction in question can be easily obtained by reducing and rounding the three differences in coordinates. Let us take the (123) LLCN for example. If we want to determine the vertical direction in Fig. 5 , we just need to take an arbitrary point, p, on the vertical line, and find its coordinates to be (39, 25, 39) . Since the coordinates of the center of the projection are (15, 30, 45) general case where the incident direction of the X-rays is arbitrary and unknown, the LLCNs no longer work. Instead, the routine method of manual operation or various computerized indexing methods should be used (Pan, 1992; Plock, 1978) .
obtained by directly reading its coordinates when the incident direction of the X-rays is a low-indices direction or a direction perpendicular to a plane with low Miller indices. Indexing with LLCN is particularly convenient if one works repeatedly with the same kind of crystal.
Concluding remarks
A new concept of the linear coordinate net is presented. The principle and the basic formulas for gnomonic, stereographic and Laue linear coordinate nets are discussed in detail. A computer program written in Basic is compiled which can be used to construct GLCN, SLCN and LLCN with a small IBM PC-compatible 286 computer (640 kbytes, 12 MHz, without 80287). With the LLCN, the Miller indices of any Laue spot can be
